ABSTRACT Molecular line emission from the core of the Orion molecular cloud has been surveyed from 215 to 247 GHz to an average sensitivity of about 0.2 K. A total of 544 resolvable lines were detected, of which 517 are identified and attributed to 25 distinct chemical species. A large fraction of the lines are partially blended with other identified transitions. Because of the large line width in the Orion core, the spectrum is near the confusion limit for the weakest lines identified ( "" 0.2 K).
I. INTRODUCTION
Studies of molecular line emission have provided much of our understanding about conditions in molecular clouds. One area of investigation has been the chemistry of these regions. Progressively more complex molecules have been found over the past dozen years. We are only beginning to understand the reactions leading to the formation of these species and why in many cases they are favored over some much simpler chemical species. Other information available from the strengths of molecular lines includes indications of densities and excitation conditions present in these clouds. Further information is provided on the gas kinematics, particularly in regions such as Orion A where line widths and central velocities have helped identify several distinct components of the gas, the so-called "spike," "hot core," and "plateau" components.
To date relatively few systematic surveys of molecular line emission have been undertaken. Lovas, Snyder, and Johnson (1979) summarized the literature through 1978. Most of the observations reported were isolated studies of at most a few transitions in one or two sources. Subsequently, Hollis eta/. (1981) among others have reported a number of additional transitions of several species. The most extensive published spectral-line survey is that which has been recently completed at the Onsala Space Observatory (Johansson eta/. 1984) . The Onsala group surveyed Orion A and IRC+ 10216 from 73 to 91 GHz, detecting a total of 170 and 45lines respectively from these two sources. Also Linke, Cummins, and Thaddeus (1985) have made an extensive survey of Sgr B2 from 70 to 145 GHz. This current survey has been conducted at much higher frequencies, where previously observations were hindered by a lack of suitable telescopes and sufficiently sensitive receivers. 1 Department of Physics, California Institute of Technology. 2 Space Sciences Laboratory, University of California, Berkeley. 3 Department of Chemistry, California Institute of Technology. 341 There are certain advantages to high-frequency studies. For observations with similar-sized telescopes, lines are generally more intense, particularly optically thin lines from spatially unresolved sources. Thus high-frequency surveys are especially sensitive to emission from compact high-excitation regions, such as the cores of hot molecular clouds. In this survey we have covered the frequency range from 215 to 247 GHz in Orion A. We detect a total of 517 resolved identifiable lines from a total of 25 molecular species. Almost half these lines are characterized by central velocities of VLsR"" 5 km s-1 and widths of about 10 km s-I, typical of the dense (n :::::10 7 em-3 ) high-temperature ( T"" 250 K) region known as the hot core of Orion (Morris, Palmer, and Zuckerman 1980; Genzel eta/. 1982) . Most of the remaining lines are narrower, -5 km s-1 wide lines with central velocities of vLsR = 9 km s-1 representative of the spike component of the gas, a cooler, less dense, and spatially more extended region in the molecular cloud. The majority of the line flux from the Orion core is emitted in a moderately small number of lines from gas associated with the plateau source (Zuckerman and Palmer 1975; Sutton eta/. 1984) . Here the combination of large velocity widths and large column densities of molecules, such as S0 2 , which are less abundant in other parts of Orion makes this region the dominant source of flux. II. OBSERVATIONS The observations were obtained using the 1.3 mm spectroscopy system of the Owens Valley Radio Observatory. The 10.4 m diameter telescope gave a FWHM beamwidth of 0~5 averaged over the 215 to 247 GHz frequency range. The superconducting tunnel junction (SIS) receiver (Sutton 1983) had a noise temperature varying from 300 to 700 K (single sideband) throughout the observing band. The receiver operated in a double-sideband mode with an IF center frequency 1985ApJS...58..341S SUTTON, BLAKE, MASSON, AND PHILLIPS of 1388 MHz. Single-sideband spectra were reconstructed from the observed double-sideband spectra using a procedure described below in § III. The back end of the system was a 512 channel broad-band AOS similar to that described by Masson (1982) . The AOS channel width of 1.03 MHz gave a spectral resolution of 1.3 km s -l in this frequency band. The observations were centered on a nominal source position of a(1950) = 05h32m47 8 , 8(1950) = -05°24'21".
Data were obtained on nights scattered throughout the 1982-1983 and 1983-1984 winter observing seasons. Observations from a total of 20 nights were included in the final data set. Since the requirements for atmospheric transparency were less critical than for other observing programs, some of the data were from nights of moderately high opacity ( T "" 0.5). A total of 79 double-sideband spectra comprise the data base. Integration times were typically 1000 s per spectrum for an rms noise level of about 0.2 K per resolution element.
Absolute calibration of the double-sideband spectra was done using standard "chopper wheel" techniques. Uncertainties in calibration are caused by imperfections in the sideband balance and higher-order corrections in the chopper-wheel technique. Such uncertainties amount to ± 15%. Because the emission lines arise from different-sized regions in Orion, it is not possible to correct for beam efficiency in a way which will treat all lines properly. Consequently the temperature scale has been corrected for the efficiency on extended sources (main beam plus inner sidelobes), 11"" 0. 85 . The brightness temperatures for spatially compact line emission are therefore systematically underestimated.
The procedure for separating sidebands ( § III) improves the accuracy of the calibration. Since each line is observed in several spectra, the observed line strengths are used to correct the relative calibration. In general the relative calibration is much better ( . : -: : ; ; 5%) over small -1 GHz intervals in the spectrum and deteriorates to the original ± 15% uncertainty over intervals greater than about 5 GHz.
III. ANALYSIS . a) Reduction to Single-Sideband Information
Each double-sideband (DSB) spectrum, considered by itself, has an unavoidable confusion as to the sideband in which each feature falls and hence its frequency. However, with a more extensive data set it is possible to avoid this ambiguity. For example, if a line is seen in one spectrum, its assignment as a lower sideband feature can be determined by whether it appears (e.g., in the upper sideband) in other appropriate spectra.
This type of analysis was automated using an algorithm similar to that used for "cleaning" aperture-synthesis maps. First the strongest feature in the entire spectrum was found, based on the naive assumption that the observed DSB temperatures were due to equal contributions from the two sidebands. Then a small fraction ( -0. 3) of the strength of this feature was subtracted from all the DSB spectra in which it should have been seen. This procedure, applied on a channelby-channel basis (1 MHz channels), was then repeated 35,000 times until the noise level in the data was reached. A few special precautions were taken. It was necessary to treat the ends of the spectral range somewhat differently, since some frequencies there were observed in only one sideband. Also, it was necessary to treat the 12 CO line at 230538 MHz in a special way because of its great strength and breadth. As a result, the image sidebands of the 12 CO observations (approximately 227497-227543 MHz and 233453-233497 MHz) have somewhat worse signal to noise since the data folded into the 12 CO line have been ignored.
In order for this procedure to work it is necessary to know precisely the gains of the individual spectra Relative gains were determined by comparing the observed strengths of the -100 strongest lines in all the spectra in which they appear. Incorrect gain settings would leave false peaks {ghosts) in the image sidebands. A few false peaks as strong as about 0.5 K remain in the spectrum, implying a dynamic range of about 15-20 dB for this "cleaning" procedure.
As with any deconvolution procedure, the results are not unique. However, we have several reasons to trust the results obtained here. The convolving function is particularly simple, corresponding to a set of delta functions. Each sky frequency will appear in precisely defined places in a small number of spectra. The deconvolution is similarly straightforward, assuming the gains are well known. Ambiguities arise primarily from the treatment of the ends of the spectrum. The algorithm converges to the same result with moderate variations in parameters such as the loop gain (the amount subtracted each iteration). The vast majority of the resulting features can be identified with transitions of molecules known to exist in the interstellar medium. A few unidentified lines are present, and the strongest of these have been individually examined to confirm their presence in the original DSB data. In general, the single-sideband spectrum is thought to be trustworthy down to about 0.3 K.
b) Line Assignments
Identifications of the observed lines were made using several sources of information. Initial assignments were made using a catalog of frequencies, quantum numbers, and line strengths provided by F. J. Lovas (private communication). Also used was a revised version of the JPL catalog (Poynter and Pickett 1981) . In a number of cases the existing laboratory data and predictions were insufficient for our purposes. In support of these astronomical observations, F. C. De Lucia, E. Herbst, and G. M. Plummer of Duke University undertook additional laboratory measurements of several molecules and made frequency predictions for our spectral range. Their work is the primary source of frequency data for several cases, particularly for HCOOCH 3 . The resulting set of line identifications and temperatures showed great uniformity. That is, the observed temperatures were consistent with the known line strengths and excitation energies. When a molecule was seen in a weak transition, it was also detected in all stronger ones. IV. RESULTS The reduced single-sideband spectrum is presented in Figure 1 . All identified lines are indicated on the plots. Counting the components of blends separately if they can be at least partially resolved in the spectra, a total of 517 separate identified lines are present. These lines arise from 25 distinct species of interstellar molecules, not counting isotopic variants. Discussion of the results on individual molecules is contained in §V. 
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so. A tabulation of the lines detected, presented in frequency order, is contained in Table 1 . Listed are the appropriate rest frequencies and the molecules to which the emission is assigned. Further information on the exact line frequencies, the quantum numbers of the transitions, and the strengths of the astronomical emission is contained in the following sections on the individual molecules.
V. DISCUSSION OF INDIVIDUAL SPECIES a) CO, CS, SiO, SiS, and SO Many of the strongest individual lines in the spectrum are from diatomic molecules of the most abundant elements. Carbon monoxide (CO) provides the strongest line in the spectrum, its J= 2-1 transition at 230538 MHz. The species CS and SiO are isoelectronic with CO, yet have qualitatively different characteristics because of the very different abundances and dipole moments of these forms.
Emission from carbon monoxide (CO) and its isotopic forms is described in Table 2 . The J = 2-1 line of the principal isotopic form, 12 C 16 0, is dominated by plateau emission.
The full width to zero intensity of the line is approximately 150 MHz (200 km s-1 ). The high-velocity wings of the line are particularly strong in these observations because of the small 0~5 beamwidth which emphasizes emission from the compact plateau source. The 13 CO line is also extremely strong but with less pronounced wings. The variation in the 12 COj 13 CO intensity ratio across the line profile indicates that the transition in 12 CO is quite optically thick at line center but becomes optically thin at velocities of approximately ± 25 km s -l relative to the line center. The intensities of the rarer isotopic forms C 18 0 and C 17 0 are consistent with optically thin emission at the velocity of the ambient molecular cloud ( vLsR = 8.5 km s-1 ). Emission from 12 C 16 0 in the first vibrationally excited state was looked for but not detected.
CS is detected through its intense J = 5-4 line at 244936 MHz. This line also has a line shape with a strong plateau component, as expected due to the known concentration of sulfur-containing molecules in the plateau source. Several rarer isotopic forms are detected in ratios indicating that the parent line is optically thick and the isotopic lines optically thin. km s -l width, are dominated by the spike component, although the C 34 S line clearly shows broad plateau-type wings. Silicon monoxide (SiO) is detected through a single line of the dominant isotopic species. Again, the line shape is very broad (34. 7 km s -l ), as is characteristic of the plateau source.
Silicon sulfide (SiS) has been reported in Orion A by Dickinson and Rodriguez-Kuiper (1981) . Their detection of the J=6-5 line gave an LSR velocity of 14 km s-t, rather different from the 5-9 km s-1 range of most molecular components of Orion. 
b) CN
Emission from CN is seen in the N = 2-1 spin multiplet centered near 227 GHz. The spin splitting, which is of the order of a few hundred megahertz, is further split by hyperfine structure. Emission from OMC-1 in this band was previously studied by Wootten eta/. (1982) . The current results are listed in Table 4 , where the frequencies are taken from Skatrud et a/. (1983) . The results are consistent with those of Wootten eta/., showing central velocities of vLsR = 9 km s-1, widths of 4 km s-1, and a peak antenna temperature in the blended 226875 MHz transition of 9.1 K. The relative strengths of the hyperfine components show that the emission is just beginning to saturate in the strongest components ( T = 1.4 ± 0.1 at 226875 MHz), indicating a CN column density of around 1.5 X 10 16 cm-2 • c) PO and PN Phosphorus-containing compounds have not been seen in the interstellar medium. Recent laboratory studies have shown that two of the most likely forms are the diatomics PO and PN (Thome eta/. 1984) . Transition frequencies for the PO radical have been calculated (Pickett, private communication) based on the measurements of Kawaguchi, Saito, and Hirota (1983) . Although four lines are predicted to fall in this frequency region, as shown in Table 5 , there is no good evidence for emission at any of the expected frequencies. An upper limit of roughly 2X10 14 cm-2 can be deduced from these data. 2,3/2,1/2-1,3/2,1/2 2, 3/2,1/2-1,3/2,3/2 2,3/2,3/2-1,3/2,1/2 2,3/2, 3/2-1,3/2,3/2 2,3/2, 3/2-1,3/2,5/2 2,3/2,5/2-1,3/2,3/2 2,3/2,5/2-1,3/2,5/2 2,3/2,1/2-1,1/2,3/2 2, 3/2,3/2-1,1/2,3/2 2,3/2,5/2-1,1/2,3/2 2, 3/2,1/2-1,1/2,1/2 2, 3/2,3/2-1,1/2,1/2 2,5/2,5/2-1,3/2,3/2} 2,5/2, 7/2-1,3/2,5/2 2,5/2,3/2-1,3/2,1/2 2, 5/2,3/2-1,3/2,3/2 2, 5/2,5/2-1,3/2,5/2 2,5/2,3/2-1,3/2,5/2 PN has no electronic angular momentum and hence has a single rotational transition accessible. There is a weak line clearly present at the J = 5-4 frequency (Wyse, Manson, and Gordy 1972) which is not currently identified as due to any other molecular species. However, its identification as PN must await detection of some other transition in another frequency band, due to the number of weak lines of well-known species (e.g., CH 3 0H) whose frequencies are currently unknown. If the line seen is due to PN, its vLsR of 8 km s-1 and width of 4 km s-1 indicates it arises in the spike component. The column density of PN would be roughly 3 X 10 12 em-2 for an assumed rotational temperature of 100 K. Table 6 . The difference in line strengths is somewhat larger than expected, possibly indicating a calibration problem for the lowest frequency line. Line shapes clearly indicate the presence of both spike and plateau components. The isotope OC 34 S is detectable in our band through the J=19-18 and 20-19lines. The former is convincingly detected but at a level rather stronger than expected on the basis of an OCS/OC 34 S integrated intensity ratio of -16 (Johansson eta/. 1984) . This is possibly the result of a coincidence with a currently unidentified line at this frequency. The J = 20-19 line of OC 34 S is marginally detected at about the level expected from the above ratio. 0 13 CS may be detected, since there are indications of lines at the J=18-17, 19-18, and 20-19 frequencies, although this would not be expected for an OCS/0 13 CS ratio of-40. e) DCN, DNC, and HC 3 N The J = 3-2 line of hydrogen cyanide (HCN) lies at higher frequency than the range presently searched. The only isotopic form accessible is deuterated hydrogen cyanide (Do-n and its isomer DNC. Both are detected here and the results shown in Table 7 . DCN is the stronger line with a VLsR of 9.3 km s-1 and a width of 7.9 km s-I, not consistent with just spike component emission. DNC is weaker and seems to have just the narrower (8.7 km s-1 vLSR• 3.3 km s-1 width) spike component.
Protonated hydrogen cyanide (HCNH+) has not been seen in the interstellar medium. and Oka (1984) , allowing prediction of the J = 3-2 frequency to a precision of about 10 MHz. This is sufficient to show that emission in this transition is not present in the spectrum of Orion A to a limit of 1',.* < 0.2 K (3 a).
Cyanoacetylene (HC 3 N) is seen in four of its pure rotational transitions, also shown in bThis transition was seen in an incomplete set of measurements extending a few GHz below the nominal band discussed in this paper. It is included here since this was the only accessible transition of Hcs+. Due to the incomplete nature of this datum, its oocertainty is considerably greater than that of the rest of the data. f) DCo+, N 2 D+, and Hcs+ Two remaining deuterated linear molecules DCO + and N 2 D+ were looked for but not detected, as shown in Table 8 . Also, Hcs+ was detected in observations just outside this frequency band. It exhibited a narrow line width of -6 km s -1 , similar to the 13 CS line but without evidence of broad wings as seen in the 12 CS and OCS emission.
g) CH 3 CN (CH 3 NC) and CH 3 CCH
The J = 13-12 and J = 12-11 bands of the symmetric top methyl cyanide (CH 3 CN) were included within the spectral range covered here. The observed lines in the ground vibrational state are listed in Table 9 . As discussed by Loren, Mundy, and Erickson (1981) and Loren and Mundy (1984) , the low K lines ( K ~ 3) are seen to be blends of hot core and spike components, with the higher K lines being almost entirely from the hot core. Excitation analysis of the two bands yields excitation temperatures of 285 K and 100 K for the hot core and spike methyl cyanide respectively. Column densities are approximately 2X10 15 cm-2 and 2X10 14 cm-2 for the two components.
Vibrationally-excited (v 8 ) methyl cyanide, seen at lower J by Goldsmith eta/. (1983) , is seen here in a total of 23 lines. The lines detected are listed in Table 9 . The average vLsR of the v 8 lines is 6.5 km s-1 and the average width is 8.0 km s-1 , corresponding to hot-core emission. The strengths of these lines are consistent with an extrapolation of the high K ground state lines at Tex = 285 K.
Isotopic methyl cyanide is detected in the form of 13 CH 3 CN. This species has a significantly different moment of inertia and its lines are well separated from the parent species. The bands of CH/ 3 CN, on the other hand, are intermingled with the parent species and the evidence is less certain. The evidence for these isotopic forms is presented in Table 10 .
Methyl isocyanide (CH 3 NC) has not been convincingly detected in the interstellar medium. If its abundance were as great as is suggested by the DCNJDNC ratio, it should be easily detected here. The J = 13-12 and J = 12-11 bands fall within this frequency range. The former, unfortunll.tely; is partly obstructed by lines of CH 3 OH in the J = 5-4 v 1 = 1 band. The J = 12-11 band is relatively clear except for a competing line of HCOOCH 3 . There is no clear evidence for emission from CH 3 NC in the data, and its abundance relative to CH 3 CN must be down by a factor of at least 10. This is in close agreement with the limit set by Irvine and Schloerb (1984) for TMC-1 based on 1.6 em observations. It is at the low end of the range in the abundance of CH 3 NC predicted by DeFrees, McLean, and Herbst (1984) .
Methyl acetylene (CH 3 CCH) is also seen in its J=14-13 and J = 13-12 bands. This molecule shows spike component lineshapes (vLsR=8.8 km s-1, width=4.5 km s-1 ) with a fairly low excitation temperature (Tex = 60 K). The lines detected are shown in Table 11 . The inferred column density of this species is 10 15 cm-2 .
h) CH 3 0H
Emission from methanol (CH 3 0H, Table 12 ) is concentrated in the strong J = 5-4 a-type band between 239 and 244 GHz. However, higher and lower J b-type (dK=1) transitions are sprinkled throughout the spectrum. Because of the large perturbations caused by the intermediate-height torsional barrier in methanol, frequency predictions are difficult and the available data often inadequate. Many of the high-J methanol lines were identified as such only long after they were first seen astronomically. Many more, currently unidentified, are probably due to methanol. The strong line at 232945 MHz was identified as due to methanol only after its laboratory detection in methanol vapor. The assignment of quantum numbers is still lacking.
The strongest of the methanol lines are clearly saturated. From the weaker lines a column density of around 5 X 10 16 cm-2 can be derived. Excitation analysis reveals a trend toward higher rotational temperatures for the high-energy transitions, as noted by Hollis eta/. (1983) . The mean rotational temperature using all the lines is -120 K, consistent with the narrow spike-component lineshapes and the VLsR of 8 km s-1 . However, broad wings can clearly be seen on the strongest lines, indicating a methanol component in the hotter gas as well.
This warm, relatively quiescent gas is most easily seen in the torsionally excited a-type band at 241200 MHz. The lines are quite strong, indicating that the torsionally excited lines (as well as the high-energy ground-state lines) arise from optically thin and spatially compact material. Two torsionally excited b-type lines are also detected, but laboratory data at present are insufficient to accurately predict the frequencies of other such transitions in this frequency range. For the nonblended a-type and b-type lines the average vLsR is 7.1 km s-1 and the average width is 5.5 km s-1 . This is clearly not emission from the hot core as seen in CH 3 CN. Rather, it seems to be warm material in the compact ridge source (Oloffson 1984; Johansson et al. 1984) .
Carbon-13 methanol ( 13 CH 3 0H) has been seen in a total of 15 lines (Table 13) . Its interpretation is discussed separately (Blake eta/. 1984) . The derived column density for 13 CH 3 0H is -1.3 X 10 15 cm-2 • Several lines previously identified as due to other chemical species are seen to be due instead to 13 CH 3 0H. In addition to the lines listed here, several b-type transitions of 13 CH 3 0H should be strong enough to be detected. However, at the moment there are no adequate frequency predictions for these lines. Identification of the b-type 13 CH 3 0H lines will await further laboratory and computational work. (Johansson eta/. 1984) . Its absence was rather surprising, given ·the great abundance of the more complicated but structurally similar molecule methyl formate ( § V m ). It seems to be detected here in small amounts, based on the data in Table 15 . The average velocity for the emission is vLsR = 7.8 km s-1 and the width is 4.6 km s-1 . Assuming T. ""' 90 K as for methyl formate and chemically simil~ s;~cies, the derived column density is -10 14 cm-2, which is near the limit set by the Onsala observations. Acetaldehyde (CH 3 CHO) is possibly seen here, although the evidence is not completely convincing. As shown in Table  16 , there are weak bumps present at all the expected frequencies except at 216581 MHz. As discussed by Blake eta/. (1984) , the line at 236049 MHz is due primarily to 13 CH30H. Acetaldehyde, if present, is certainly not very abundant. Johansson eta/. (1984) is definitely confirmed here with the detection of a total of 10 lines (Table 17) . Line shapes are narrow (4.9 km s-1 ) with a VLsR = 8.0 km s-1 and an excitation temperature of around 120 K suggested, consistent with spike component emission. The column density is estimated to be 5X10 14 cm-2 • Isocyanic acid (HNCO) has been seen in Orion by Goldsmith eta/. (1982) and Johansson eta/. (1984 Table 19 . A third higher J transition falls in a very crowded region of the spectrum and may be present; however, it is difficult to separate its contribution from that of C 2 H 5 CN and 34 S0 2 • The HDO lines have predominantly hot-core line shapes (vLsR = 6.8 km s-', !lv = 11.5 km s-1 ), as best illustrated by the 225897 MHz line. Assuming a rotational temperature of 150 K, typical of many hot-core species, a column density of 4 X 10 15 cm-2 is derived. A single line of H 2 S was detected. Its line shape seems to indicate both hot-core emission and the broader plateau-source component typical of sulfur-containing molecules.
I) so 2
The molecule so2 dominates the appearance of the No.3, 1985 ORION A MOLECULAR LINE SURVEY 369 millimeter-wave spectrum of Orion. Because of its asymmetric geometry, it has a rich spectrum of lines which are typically very strong because of the large abundance and high dipole moment of the molecule. Emission from so2 accounts for approximately 28% of the total line flux from Orion. The detected lines of S0 2 and 34 S0 2 are shown in Tables 20 and   TABLE15   TRANSITIONS Schloerb eta/. (1983) . Vibrationally excited S0 2 is probably detected on the basis of the 14 0 , 14 -13 1 , 13 line at 243522.6 MHz, as shown in Table  20 . This is the strongest expected vibrationally excited line and has a lower state energy of -580 em -1 (Goldsmith et al. 1983 ). Its intensity is consistent with an extrapolation of the higher energy ground-state lines (e.g., 21 7 15 -22 616 ) at T,. 01 = 150 K, the temperature suggested by Schloerb eta/. for their highest energy lines. The vibrationally excited emission has a (poorly determined) VLsR of 6.5 km s-1 and a width of -6 km s -1 . This is somewhat suggestive of hot-core emission but not conclusive, due to the weakness of the feature. It is interesting to note that the tentatively detected 27 8 20 -28 7 21 ground state line at 343 em -1 also suggests hot-core' emissi~n (vLsR ""'4.8 km s-I, 11v""' 8 km s-1 ). The largest number of lines in the spectrum produced by any one molecule are due to methyl formate (HCOOCH 3 ). The 130 lines detected here are listed in Table 22 . Methyl formate is a heavy asymmetric rotor with hindered internal rotation of the methyl group. Plummer eta/. (1984) have measured transitions for the A symmetry state and have obtained accurate line-frequency predictions from a model which does not explicitly take into account the internal rotation. The E symmetry state has also recently been investigated by Plummer eta/. (1985) , using a model incorporating the internal rotation. The predicted frequencies are used here. In addition, Plummer eta/. (1985) have measured directly all strongly perturbed transitions in this frequency range to eliminate any uncertainties in the rest frequencies. Measured line intensities for methyl formate imply an excitation temperature of -90 Kanda column density of 3 X10 15 cm-2 • The VLsR of 7.8 km s-1, velocity widths of -4.3 km s-1 , and low excitation temperature indicate that methyl formate is spikecomponent material. ... 19a,17-18a,u E 1.1 5.0 216109.7 .... 192,ur182,17 E 0.9 4.5 225618.7 .... 193,17-18a,u A 1.3 6.3 216115.5 .... 192,ur182,17 A 1.1 5.8 225928.6 .... 66,1-56,0 A } 0.4 2.2 216210.9 .... 191,ur181,17 E 0.8 4.3 66,o-55,1 A 216216.5 .... 191,ur181,17 A 0.9 4.3 226635.2 .... 201,19-192,18 A f 216360.0 .... 192,ur181,17 A 0.2 1 226713.1.. .. 202, 19-192,18 E 0.9 2.6 216830.1.. .. 182,u-17 2,16 E 1.2 3.9 226718.7 .... 202,19-192,18 A 0.5 2.6 216838.8 .... 182,16-17 2,16 A 1.1 3.8 226773.2 .... 201,19-191,18 E 0.9 3.7 216964.8 .... 201,20-191 ,U E 120 226778.7 .... 201,19-191,18 A 1.0 3.1 216965.9 .... 201,2o-191,U A 12.5 226856.5 .... 202,19-191,18 E 0.5 2.0 216966.2 .... 20o,2o-19o,u E 226862.2 .... 202,19-191,18 A 0.6 1.8 216967.3 .... 20o,20-19o,19 A 227019.6 .... 192,11-182,16 221141.0 .... 1813,6-1713,4 A } 0.7 231966.9 .... 209,11-20a,12 A 0.4 1.6 1813,6-1713,4 A 4.0 233212.6 .... 19,,1tr 184,16 E 181a,5-1713,4 E 233226.7 .... 194,16-184,16 A 1.1 4.8 221158.4 .... 1813,6-1713,6 E 0.2 0.8 233310.0 .... 1916,c1816,3 A } 0.4 2.2 221260.9 .... 1812,6-1712,6 E 0.4 1.0 1915,6-1816,4 A 221265.6 .... 1812,6-1712,5 A } 0.6 233394.6 .... 1914,s-1814,, A } 0.4 3.3 1812,r1712,6 A 2.3 19u,6-1814,5 A 221280.8 .... 1812,r1712,6 E 0.4 1.6 233505.0 .... 191a,r1813,6 E 221424.7 .... 1811,r 1711,6 E 0.8 4.4 a 233506.6 .... 1913,6-1813,6 A } 0.8 7.0 221433.0 .... 1811,r1711,6 A } 0.9 1913,r1813,6 A 1811,8-1711,7 A 3.8 233524.6 .... 1913,6-1813,6 E 0.4 3.0 k 221445.5 .... 1811,tr1711,7 E 0.6 2.6 233627.1.. .. 179,s-178,9 A } 0.4 7.1 221649.7 .... 1810,s-1710,7 E o:5 1.9 233628.4 .... 179,9-178,10 A 221660.4 .... 184,15-17 4,14 E } 1.5 233649.9 .... 1912,r1812,6 E 0.5 3.1 221661.1 .... 1810,s-1710,7 A 6.3 233655.3 .... 1912,7-1812,6 A }u 8.2 1810,9-1710,8 A 1912,s-1812,7 A 221670.5 .... 181o,9-171o,8 E 0.4 1.6 233671.0 .... 1912,s-1812,7 E 0.3 2.0 221674.6 .... 184,1&-17 4,14 A 0.8 4.3 233754.1.. .. 184,14-174,13 E 0.8 4.5 221979.3 .... 18a,1o-17 D,9 A b 233777.5 .... 184,14-17 4,13 A 0.8 3.0 221979.4 .... 189,9-179,8 A b 233845.3 .... 1911,s-18u,7 E 0.5 3.1 222421.6 .... 18s,ur . .. 19u,9-18u,s E 0.4 1.6 222441.9 .... 18s,10-17s,u E 234011.3 .... 169,7-168,8 A m 223038.3 .... 192,1r183,16 E 0.3 0.8 234011.8 .... 169,s-168,1 A m 223051.7 .... 192,17-183,16 A 0.2 1 234112.3 .... 1910,9-1810,8 E 0.3 2.3 223119.2 .... 187,1:.-177,11 A 1.1 5.5 234124.8 .... 1910,9-181o,s A } 0.6 223125.1.. .. 187,1:r177,11 E 1.0 5.4 1910.10-1810,u A 2.9 223134.9 .... 187,11-177,10 E 1.0 4.6 234134.6 .... 1910,10-1810,t E 0.6 3.0 223162.7 .... 187,u-17 1,10 A 0.8 2.7 234328.8 .... 15a,6-158,7 . A } 0.31 224021.4 .... 186,13-176,12 E } 1.0 234328.9 .... 15e,r15s,s A 224024.1.. .. 186,13-17 6,12 A 7.5 d 234486.4 .... 19e,1o-18e,D E 0.6 3.5 224312.9 .... 185,14-17 6,13 E 0.8 2.9 234502.2 .... 19a,11-189,10 A }u 224328.3 .... 185,14-176,13 A 0.8 3.2 e 234502.4 .... 19a,ur189,9 A 6.5 224583.0 .... 186,1:r 17 6,11 E 0.8 3.2 234508.5 .... 199,11-189,10 E 0.6 3.7 224609.3 .... 186, 1:r 17 6,11 A 0.8 2.8 234739.0 .... 202,1s-19a,17 A 0.5 0.9 235029.9 .... 19s,u-18s,1o E 1.2 235043.2 .... 198,1z-18s,u E } 0.6 2.5 235046.5 .... 19s,,z-18s,u A 235051.4 .... 19s,u-18s,1o A 1.2 5.1 235844.5 .... 197,13-187,12 A 0.5 2.1 235865.9 .... 197,la-187,12 E 0.5 2.1 235887.2 .... 197,lr187,u E 0.5 2.0 235932.3 .... 197,1z-187,u A 0.5 1.6 n 236355.9 . ... 20a,ur193,17 E 0.9 5.8 236365.5 .... 20a,ur19a,17 A 0.7 3.9 236743.7 .... 196,16-186,14 E 0.6 2.4 236759.6 .... 196,16-18s ," A 0.6 2.6 236800.5 . ... 19e,!4-18e,1s E 0.6 2.7 236810.3 .... 19e, 14-186,13 A 0.8 2.8 237266.9 .... 211,20-202,19 A 0.4 3.3 237297.5 .... 202,la-192,17 E 0.8 3.5 237306.0 .... 202,la-192,17 A }u 237309.5 .... 212,2()202,19 E 8.6 237315. 1.. .. 212,20-202,19 A 1.1 6.2 237344.8 .... 211,20-201,19 E 0.8 2.6 237350.4 .... 211,2o-201,19 A 0.7 2.4 237393.2 .... 212,20-20,,19 E 0.1? 237398.6 .... 212,20-20,,19 A 0.2? 237807.6 .... 19e,1a-186,12 E 0.5 2.3 237829.8 .... 19e,1a-186,12 ... 20a,1a-192,17 E 0.3 0.9 238932.5 .... 20a,,a-192,17 240021.4 .... 193,u-183,16 E 1.0 240034.6 .... 193,u-18a ... 213,18-204,17 A 0.4? 245651.1.. .. 2016,s-1916,4 A } 0.6 3.2 20u;,c-1916,6 A 245752.2 .... 2014,c-19a,6 A } 0.7 20,4,r-19a,c A 2.3 245754.3 .... 2014,6-1914,6 E 245772.1.. .. 2014,r-1914 . .. 2013,r-1913,G A } 0.8 3.3 2013,a-1913,7 A 245903.5 .... 2013,7-19,a ,e E 0.2 0.9 246055.1. . .. 2012,9-1912,8 E 0.5 1.0 246060.8 .... 2012,a-1912,7 A } 0.8 3.0 2012,9-1912,8 A 246076.6 .... 2012,a-1912,7 E 0 246285.4 .... 20u,9-19u ,s E 0.4 1.5 246295.1. . .. 20u,10-19u,9 A }1.3 3.0 20u,9-1911,8 A 246308.6 .... 2011,ur19u ,9 E 0.4 2.0 246600.2 . ... 2010,u-191o,1o E 0.7 3.3 246613.3 .... 2010,u-1910 ,1D A }u 4.8 246613.4 .... 2010,10-1910,9 A 246623.1.. .. 2010,10-1910 the lower frequency recombination-line data, and the intensity is comparable with that expected from non-LTE theory for an electron temperature of 10 4 K and a proton emission measure of 10 7 pc cm-6 • The H37,8 line at 240021.6 MHz and H38,8 at 222012.2 MHz are not convincingly detected. This is consistent with the noise level in the spectra and the much-reduced intensity expected. The location for the H37,8 line is contaminated by the presence of an HCOOCH 3 line. Similarly, the He30a line is not seen due to its low strength and a competing line of CH 3 0CH 3 .
q) Unidentified Lines
There are at present 27 lines in the spectrum stronger than 0.3 K which are unidentified and which we believe to be real. The frequencies, widths, and peak antenna temperatures of these lines are tabulated in 
r) Other Species
Several other species of interest have transitions in this frequency range but have not been convincingly detected. The J = 2-1 transitions of No+ measured by Bowman, Herbst, and De Lucia (1982) are clearly not detected. Similarly, co+ is not seen in Orion, since the emission at 236062 MHz ca"n be attributed to 13 CH 3 0H, as discussed by Blake eta/. (1984) . The refractory oxides MgO (Steimle, Azuma, and Carrick 1984) and FeO (Endo, Saito, and Hirota 1984) are also not detected, although the limits are not terribly severe and the frequency for MgO is not well determined. Also not seen are the J=ll-10 transition of Hoco+ and the 3 13 -2 20 components of NH 2 (Charo eta/. 1981) .
' ' The nitroxyl radical (HNO) was tentatively identified in Sgr B2 and NGC 2024 by Ulich, Hollis, and Snyder (1977) on the basis of a single line (1 0 1 -0 0 0 ). As far as we know, this assignment has not been' verified by observations of other transitions, in part due to the lack of accurate frequency predictions. The frequency of the 3 0 , 3 -2 0 , 2 transition, which The spectrum presented in Figure 1 contains a few noticeable defects arising from the procedure used to generate a single-sideband spectrum from the double-sideband data. The defects are usually in the form of "ghosts," small residuals left when a strong line is not entirely assigned to the proper sideband. Such ghosts will be found separated by approximately twice the IF frequency (a total of -2.5 GHz) from the stronger features in the spectrum. Their reality can usually be checked by examination of the original double-sideband data All unidentified features in the spectrum stronger than 0.4 K were examined to see if they were ghosts. Those which were found to be real, albeit unidentified, features were listed in Table 27 . Those which can be attributed to ghosts are listed below in Table 28 .
